Hydrocarbon indicating information can be extracted from spectral modifications of the naturally occurring ambient seismic vibration measured at the earth surface. Numerical simulation of wave propagation is applied to investigate the interaction mechanisms between seismic background waves and hydrocarbon reservoirs. In this paper the influence of geological heterogeneities on the surface velocities is investigated. The numerical algorithms are based on explicit finite differences with staggered grids, and solve the elastodynamic equations which are formulated as a first order hyperbolic system. The results of 1D calculations show characteristic peaks in the Fourier spectra of the vertical surface velocity. Those peaks are related to the properties of the heterogeneities and are in agreement with existing analytical solutions. These features are much less pronounced in the 2D case. We assume that this is due to energy loss because of geometric spreading of the waves.
Introduction
Hydrocarbon Microtremor Analysis (HyMAS) is an innovative technology for identifying the hydrocarbon content of geological structures by analyzing low frequency background waves Dangel et al., 2003) . During several surveys at different oil and gas field locations throughout the world, the presence of such modifications was observed and a high degree of correlation to the location and geometry of hydrocarbon reservoirs could be established. Numerical simulations of wave propagation have been initiated by Spectraseis in collaboration with the Geological Institute of the ETH Zürich to improve the understanding of the interactions between seismic background waves and hydrocarbon reservoirs. In this study, the influence of material heterogeneities on surface velocities is investigated using numerical simulations. Such heterogeneities include, for example, surface layers with reduced seismic impedance (e.g. unconsolidated soil) or layers with wave attenuation properties in the subsurface representing the hydrocarbon reservoir.
Wave propagation is simulated in one and two dimensions. The elastodynamic equations are formulated as a first-order hyperbolic system with the velocity and stress tensor components as unknowns. The numerical algorithms are based on explicit finite differences with staggered grids in both space and time.
1D model
For the 1D simulations (Fig. 1, Fig. 2 ) a vertical profile from the surface down to 1700 meters is considered. The top is a free surface and at the bottom non-reflecting boundary conditions are applied. The seismic waves are generated with five pulses with superimposed white noise (interval of the pulses is 2 seconds) and are implemented in a vertical force term in the equilibrium equation. The vertical velocity is recorded at the free surface and the Fourier transform of the velocity-time signal is calculated using the fast Fourier transform. Five numerical simulations have been performed for (i) a pure elastic medium, (ii) an elastic medium with low velocity surface layer, (iii) an elastic medium with a buried layer of low velocity, (iv) an elastic medium with a buried layer (representing the reservoir) having attenuation properties, and (v) an elastic medium with both low velocity surface layer and attenuating buried layer. All other parameters were kept the same in the five simulations. The low velocity surface layer is 85 meters thick and the layer representing the reservoir is 50 meters thick and located in 700 meters depth. The Young's modulus is 30 GPa and the density 2000 kg/m 3 . Attenuation is proportional to velocity and the attenuation parameter has a magnitude of 50 Hz. An impedance contrast is introduced by reducing the Young's modulus by a factor of ten. 1024 grid points and 28000 time steps were used for the simulations. The spectra of the surface velocities for the five simulations are considerably different as shown in Figure 2 . The frequencies corresponding to the maxima in the spectra agree well with existing analytical solutions, such as for example the frequency f L for the fundamental resonance frequency of the low velocity surface layer (soil impedance) which is around 3.6 Hz and can be expressed by the wave velocity of the layer v L divided by four times the layer thickness H ("quarter wavelength law"):
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2D model
For the 2D simulations the numerical domain consists of an elastic medium which is restricted on three sides by wave absorbing layers to simulate non-reflecting boundaries (Fig.  3) . The top side is a free surface. Elastic waves are generated with a single pulse which is implemented as a force term within the equilibrium equation for the vertical (z) direction. The force pulse (point source) is located at the surface in the middle of the domain (Fig. 2) . The numerical domain is 3000 meters wide, 1500 meters high with 500 meter thick wave absorbing boundary layers. The surface layer is 100 meter thick and the layer representing the reservoir is 150 meters thick and located in 500 meters depth. Four different simulations have been performed with a single force pulse each: one simulation with no heterogeneities, one simulation with a buried layer having low velocity (ratio of Young's modules is equal to 5), one simulation with a buried layer having an attenuation parameter of 50 Hz and one simulation with both a low velocity surface layer (ratio of Young's modules is equal to 5) and a buried layer with an attenuation parameter of 50 Hz (Fig. 4) . The numerical resolution was 701 nodes in the horizontal direction, 501 nodes in the vertical direction and 13400 steps in time. The total physical time of calculation was 2 seconds. The Fourier spectra have been calculated for the vertical surface velocity in the middle of the model domain using the fast Fourier transform (Fig. 4) . The four spectra are different and the impact of the material heterogeneities is visible. 
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Conclusion
The presented simulations clearly show that material heterogeneities can be identified by analysing the Fourier spectra of the vertical surface velocities. Especially for the 1D simulations, characteristic peaks can be related to the geometry, the magnitude of the property contrasts and the phase relationship at the boundaries of the structures. These peaks are in agreement with existing analytical solutions. The equivalent features in the spectra of the 2D case are not as prominent as in the 1D calculations. We assume that this is due to energy loss because of geometric spreading of the seismic waves. This issue would be overcome by applying a continuous source which continuously feeds energy into the system. In fact, this finding shows the importance of measuring a continuous signal (ambient seismic vibration) for a long time (a couple of hours) to extract useful information about hydrocarbon reservoirs in the subsurface. Currently, 3D numerical simulations are initiated for similar model set-ups as for the 1D and 2D simulations. Furthermore, numerical simulations for a poroelastic medium using Biot's equations are underway. The numerical algorithms are implemented in a forward model within an inversion algorithm in order to determine the size, position, type and magnitude of the heterogeneities from real measured seismic signals at the surface. Furthermore, the results of the numerical modelling and the inversion algorithm will improve the procedures for data acquisition (e.g. spacing of instruments) and for data interpretation (e.g. filtering method for surface velocity signal) in the context of the HyMAS method.
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